Earlier studies of rat blood were largely exploratory. Rohdenberg (1920) was unable to detect agglutination in mixtures of blood from 50 rats. Lambert (1927) failed to find agglutination in blood mixtures from 46 rats of five different strains. Dr. Hibino, however, working with Dr. Furuhata, an authority on the blood groups of the Japanese, demonstrated isohaemagglutination in the rat, but did not continue the work (personal communication in 1934) . Friedberger and Taslokawa (1928) found numerous cases of agglutination between the blood of wild and tame rats in Berlin, and postulated four haemagglutinins with corresponding agglutinogens.
My own studies were begun at the Bussey Institution of Harvard University in 1932, at the suggestion of Dr. W. E. Castle, and were continued subsequently at the University of Maryland.
Blood group differences in animals depend upon the existence of two complementary agencies in blood, an agglutinogen' carried in blood cells, and an agglutinin carried in blood plasma. Clumping of the blood cells occurs when the two agencies are brought together. Blood which contains a particular agglutinogen regularly lacks the corresponding agglutinin; otherwise it would clump spontaneously. Consequently agglutination occurs only when blood from different individuals is mixed, one supplying the agglutinogen, the other the agglutinin.
Animals of a species may be classified in blood groups on the basis of their possession or lack of particular agglutinogens.
In a search for blood groups in a species in which their existence is un-certain, it is desirable to make combinations of blood from as many unrelated stocks as possible. In the present investigation rats were obtained for study from 15 different laboratory stocks, in addition to wild rats caught at Forest Hills, Mass.
In the course of the investigation, two agglutinogens have been found, one of which resembles the A and B agglutinogens of human blood, the other resembling the M and N agglutinogens of human blood. Because of these resemblances it seems appropriate to designate the newly discovered agglutinogens of the rat A and M respectively.
The agglutinin which acts in conjunction with agglutinogen A to effect blood clumping is found as a natural ingredient of the blood serum of all rats which do not possess the A agglutinogen. It may be called agglutinin a.
An agglutinin, which will act in conjunction with agglutinogen M to induce blood clumping, does not exist as a natural ingredient of rat blootl, at least not in detectable amounts. But it can be artificially produced by injections of blood containing agglutinogen M into animals which lack M. The agglutinin, which may be called m, is produced as an antibody to the foreign substance, M. Blood serum containing such an antibody is called an immune serum.
To secure blood for injection or for agglutination tests, the end of the tail may be snipped off, the animal being first etherized. But the yield by this method is small, usually 2 cc. or less, and the product frequently contaminated.
A better method is to bleed from the heart, as described by Burhoe, 1940. The yield is larger and more likely to be sterile.
To obtain serum, the blood is collected in 6 cc. agglutination tubes and allowed to clot. The clot is broken up with a clean probe or small twisted wire, and the material centrifuged.
In preparation for testing the agglutinating properties of a rat's blood corpuscles, a few drops of freshly drawn blood are put it! a mixture of 1% This race was the original source of agglutinin a. Its serum was used in diagnosing the blood constitution (presence or absence of agglutinogen A) of other laboratory stocks and of captured wild rats. In fact all animals so tested in the initial experiments were found to .have A. But when crosses were made between the peculiar red-eyed yellow race and other stocks, there appeared in the F2 generation an abundance of animals (recessives) which lacked the A agglutinogen and so naturally possessed the a agglutinin.
The existence of a second agglutinogen was demonstrated by the method, originally devised by Landsteiner, of producing immune sera by reciprocal or multiple exchanges of blood between individuals. In exploratory studies of the rat being undertaken in this case, the method is particularly effective when races differing as widely as possible are used. The immune serum m was produced thus. Blood was taken from a selected individual of each of eleven different laboratory stocks. Two cc. of blood were drawn from each donor, centrifuged to separate the blood cells, which were then washed in saline, pooled and injected intraperitoneally at semi-weekly intervals into an individual of each of the eleven races which had furnished the blood cells. Tests for the presence of an agglutinin were thereafter made every two weeks, using serum of each injected animal, into which pooled blood cells of the donors were introduced.
After six weeks of injections the immune agglutinin was detected in the sera of certain of the injected animals, its presence being revealed by clumping of the introduced blood cells. For example, serum of the injected individual of family D was found to clump cells of families E, H, and J. Further tests made with the newly produced serum, showed that of the 16 families included in the study, 9 laboratory stocks consisted wholly or in part of individuals carrying the M agglutinogen, while the wild rats tested all were carriers of it. Four different albino stocks, including two Wistar albino strains, and a black strain supplied by Dr. Feldman were found to lack the M agglutinogen but to carry A. Only one family, the red-eyed yellow family supplied by Feldman, carried neither agglutinogen. Demonstration of the existence of two different agglutinogens in the rat make it possible to classify individuals in four blood groups, viz., (1) those which carry both A and M (group AM), (2) those which carry A but not M (group A), (3) those which carry M but not A (group M) and (4) i.e., 62. Actually they contain 60, a deviation withQut statistical significance.
If there were linkage, we should expect a significant diminution in these two classes from the calculated total, 62. Since it does not occur, it is fair to conclude that existence of linkage is highly improbable in this case:
The seven other linkage tests recorded in table 2 were made by the preferable method of crossing an F1 individual to double recessive mates. In each instance an equality of crossover and non-crossover individuals is expected, and from this expectation no significant deviation is observed, as shown in the last column of the table. The Norway rat (Rattus norvegicus) is a comparatively recent immigrant to Europe and America and at-the present time is reproducing in enormous numbers both in a wild state and under domestication. A comparative study of its behavior in the two contrasted states is thus made easy and should throw light on what takes place in a species of mammal when it is brought into captivity and its breeding is controlled by man.
The Norway rat entered western Europe by way of the Norwegian peninsula in the first half of the Eighteenth Century and bears a specific name indicating the route by which it arrived. Its ecological predecessor was the black rat (Rattus rattus) the rat which spread plague in London in 1664-1665. This species was soon afterward replaced in Western Europe by its mortal enemy the newly introduced Norway rat, which promptly made its way on'ships to the New World, where the black rat had preceded it but was, as in Europe, promptly supplanted by the Norway rat except in out-lying districts such as northern New Hampshire where Dr 
